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Abstract The barley genes HvLtp4.2 and HvLtp4.3 both 
encode the lipid transfer protein LTP4 and are less 
than 1 kb apart in tail-to-tail orientation. They differ in 
their non-coding regions from each other and from the 
gene corresponding to a previously reported Ltp4 
cDNA (now Ltp4.1). Southern blot analysis indicated 
the existence of three or more Ltp4 genes per haploid 
genome and showed considerable polymorphism 
among barley cultivars. We have investigated the tran-
sient expression of genes HvLtp4.2 and HvLtp4.3 folio w-
ing transformation by particle bombardment, using 
promoter fusions to the j9-glucuronidase repórter se-
quence. In leaves, activities of the two promoters were 
of the same order as those of the sucrose synthase (Ssl) 
and cauliflower mosaic virus 35S promoters used as 
controls. Their expression patterns were similar, except 
that Ltp4.2 was more active than Ltp4.3 in endosperm, 
and Ltp4.3 was active in roots, while Ltp4.2 was not. 
The promoters of both genes were induced by low 
temperature, both in winter and spring barley cultivars. 
Northern blot analysis, using the Zíp4-specific probé, 
indicated that Xanthomonas campestris pv. translucens 
induced an increase over basal levéis of Ltp4 mRNA, 
while Pseudomonas syringae pv. japónica caused a de-
crease. The Ltp4.3-Gus promoter fusión also responded 
in opposite ways to these two compatible bacterial 
pathogens, whereas the Ltp4.2-Gus construction did 
not respond to infection. 
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Introduction 
Non-specific lipid transfer proteins (LTPs) that stimu-
late the transfer of various lipids between membranes 
and artificial vesicles in vitro have been isolated from 
a wide range of plant sources (see Arondel and Kader 
1990; Yamada 1992). A cytoplasmic role has been ex-
cluded for LTPs because they are generally secreted 
(Mundy and Rogers 1986; Sterk et al. 1991) and are 
associated with the cell wall (Molina et al. 1993; Molina 
and García-Olmedo 1993; Segura et al. 1993; Thoma et 
al. 1993; Pyee et al. 1994). Their possible involvement in 
the secretion or deposition of extracellular lipophilic mol-
ecules, such as cutin or wax, is under investigation (Sterk 
et al. 1991; Meijer et al. 1993; Hendriks et al. 1994; Pyee 
et al. 1994). Apart from their developmentally regulated 
expression, Ltp genes have been reported to respond to 
environmental stresses in tomato (Plant et al. 1991; 
Torres-Schumann et al. 1992; Kahn et al. 1993) and to 
cold treatment in barley (Dunn et al. 1991, 1994; 
Hughes et al. 1992; White et al. 1994). Evidence in 
support of a defense role for LTPs has been recently 
reviewed (García-Olmedo et al. 1995). These proteins are 
active against both bacterial and fungal pathogens in vitro 
(Molina and García-Olmedo 1991; Térras et al. 1992; 
Molina et al. 1993; Segura et al. 1993), and are distributed 
over exposed surfaces and in the vascular tissues, at basal 
concentrations that can be inhibitory for sensitive patho-
gens (Molina and García-Olmedo 1993; Pyee et al. 1994). 
Genes encoding these proteins respond to bacterial and 
fungal infections in a complex manner (Molina and 
García-Olmedo 1994; García-Olmedo et al. 1995, 1996). 
Furthermore, transgenic plants expressing LTP show en-
hanced tolerance to a variety of pathogens (Molina et al., 
in preparation) and LTP-sensitive mutants of bacterial 
pathogens have been shown to be avirulent (Titarenko et 
al., in preparation). 
In barley, one aleurone-specific and four ubiquitous 
LTPs have been purified (Mundy and Rogers 1986; 
Molina et al. 1993), and several of the corresponding 
cDNAs and genes have been cloned (Linnestead et al. 
1991; Skriver et al. 1992; Dunn et al. 1991; Molina and 
García-Olmedo 1993; Gausing 1994; White et al. 1994). 
Leaf-expressed Ltp genes have been shown to be in-
duced by pathogens (Molina and García-Olmedo 1993; 
García-Olmedo et al. 1995) and although a cold response 
was observed in the winter barley cv. Igri (Dunn et al. 
1991; Hughes et al. 1992; White et al. 1994), such a re-
sponse was not observed in spring barley cv. Bomi 
(Molina and García-Olmedo 1993). 
We have now characterized two Ltp genes, HvLtp4.2 
and HvLtp4.3, both of which encode the same mature 
protein as a previously reported LTP4 cDNA (Molina 
and García-Olmedo 1993), whose corresponding gene 
(now HvLtp4.1; syn. gblt4.2 from White et al. 1994) is 
different from HvLtp4.2 and HvLtp4.3. Gene HvLtp4.2 is 
practically identical to that in clone gblt4.9 (White et al. 
1994), whereas HvLtp4.3 is significantly divergent. We 
have investigated the activity of these two promoters, 
using fusions to the /?-glucuronidase repórter (GUS) 
gene and particle bombardment, and have found that 
while both promoters are induced by cold treatment, 
only one of them (HvLtp4.3) responds to pathogen 
infection. 
Materials and methods 
Cloning of HvLtp4.2 and HvLtp4.3 
Lambda EMBL3 recombinant clones (1.2 xlO6) of a genomic 
library from Hordeum vulgare L. var. NK1558 (spring habit; Clon-
tech), were transferred to Hybond N membranes (Amersham) and 
hybridized at 65° C with the cDNA probé (Molina and García-
Olmedo 1993) following standard procedures (Sambrook et al. 1989). 
Two of the selected clones (/Jtp4.11 and Htp4.14) were purified 
through two further rounds of screening and restriction mapped. 
The BamHl fragments hybridizing with the probé were subcloned 
into pBluescript II KS (Stratagene) and sequenced according to 
Hattoni and Sakaki (1986). 
DNA and RNA hybridization 
DNA was isolated essentially as described (Taylor and Powell 1982), 
restricted with BamHl endonuclease, subjected to electrophoresis in 
0.8% agarose, and transferred to Hybond N membranes (Amer-
sham) following standard procedures. Hybridization at 65° C was 
according to Church and Gilbert (1984). 
RNA was purified from frozen tissues by phenol/chloroform 
extraction, followed by precipitation with 3 M lithium chloride 
(Lagrimini et al. 1987), and subjected to electrophoresis (7.5 ug each) 
in 7.5% formaldehyde/agarose gels, which were blotted to Hybond 
N membranes (Amersham). Hybridization was carried out at 65° C 
as above. Ethidium bromide (40 ug/ml) was included in the loading 
buffer to allow visualization under UV light and photography. 
Equal sample loads were checked by densitometry (INH Image 
programme, Bio-Rad) of the negatives of the UV photographs. 
Quantitation of radioactive signáis in Northern-blot experiments 
was carried out by densitometry (INH Image programme, Bio-Rad) 
of the autoradiographs from three independent filters. 
Gene constructions and particle bombardment 
Fragments corresponding to the promoters of HvLtp4.2 (posi-
tions — 1 to — 665 nt) and HvLtp4.3 ( — 1 to — 755 nt) were fused 
in-phase to the /?-glucuronidase repórter gene (Jefferson 1987) in the 
pBluescript II KS (Stratagene) vector (Fig. 1 A). The indicated región 
of Ltp4.2 promoter was amplified by the polymerase chain reaction 
from a BamHl subclone of the gene (Fig. 1A) and the equivalent 
región (as determined by sequence alignment) from promoter Ltp4.3 
was similarly amplified from a Sall-EcoRl subclone of the corres-
ponding gene (Fig. 1A). Gene constructions used as controls have 
been previously described: iJS-GUS contained the coding región of 
the Gus (uidA) gene and the 35S cauliflower mosaic virus (CaMV) 
promoter, subcloned in the pUC19 vector (Diaz and Carbonero 
1992); 35SI-GUS additionally contained intron 1 of the maize Adhl 
gene (Vasil et al. 1991); UbI-GUS and C/W-LUC contained the 
maize ubiquitin promoter-exon 1-intron 1, fused either to the GUS 
or the luciferase repórter genes (Christensen et al. 1992); 7ír/-GUS 
carried the endosperm-specific promoter of the barley trypsin inhibi-
tor (Díaz et al. 1993); in 5W-GUS the repórter gene is controlled by 
the promoter and first intron of barley sucrose synthase gene Ssl 
(Diaz et al. 1995). 
Particle bombardment was carried out with a biolistic helium gun 
device (DuPont PDS-100Á). Gold particles (1.0 um in size) were 
coated with DNA as described by Taylor and Vasil (1991). Barley 
tissues were placed onto a Phytagel-H20 support (Sigma) in 6-cm 
diameter dishes and each píate was bombarded once with 0.154 ug 
gold and 0.350 fig DNA at a distance of 7.5 cm from the macro-
projectile stopper shelf. After bombardment, dishes were incubated 
at 25° C for 2 days. Standard fluorometric GUS assays were per-
formed using 4-methyl-umbelliferyl-/?-D-glucuronide(MUG) as sub-
strate (Jefferson 1987) and were quantified with a Heraeus TK 100 
fluorimeter. Luciferase assays were done as described by Callis et al. 
(1987), using a 15-s integration time on a luminometer (Analytical 
Luminiscence Laboratory, Monolight 2010). Treatment with ab-
scisic acid (10 uM) was carried out by including this hormone in the 
solid médium where leaves were bombarded and incubated for 24 h. 
Infection with bacteria 
Five-day-old barley (cv. Bomi) plants grown on vermiculite (22° C 
day/18°C night; 16 h light) were inoculated by infiltration with the 
bacteria Pseudomonas syringae pv. japónica, Xanthomonas campes-
tris pv. translucens (10 ul of 108 cfu/ml in 10 mM MgCl2), or with 10 
mM MgCl2 (mock inoculation). After inoculation, leaf samples were 
taken at times indicated in Fig. 5A and immediately frozen in liquid 
nitrogen. In the experiments with excised leaves, inoculations were 
carried out as above just before excisión. 
Results 
Gene, HvLtp4.2 and HvLtp4.3 
Two genomic clones, Xgltp4.11 and Ágltp4.14, which 
hybridized with a probé that consisted of the 3' untran-
slated región from the previously reported Ltp4 cDNA 
(now Ltp4.1; Molina and García-Olmedo 1993), were 
isolated from a genomic barley library. As shown in 
Fig. 1A, both clones contained the same two Ltp genes, 
HvLtp4.2 and HvLtp4.3, less than 1 kb apart in a tail-to-
tail orientation. Their deduced mature protein se-
quences were identical and differed from that of the 
LTP4.1 in a conservative amino acid change (A/V), but 
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nucleotide sequences encoding the signal peptide and 
the 3' untranslated regions were distinct from each 
other. In Fig. IB, an alignment of the two promoters 
shows that they are also divergent, specially with re-
spect to key motifs potentially involved in their re-
sponses to pathogen infection. 
Southern blot analysis with the Ltp4-spQCÍñc probé, 
which recognized all three Ltp4 genes, but not the other 
known Ltp genes, detected polymorphic patterns that 
were consistent with the existence of múltiple copies per 
haploid genome (Fig. 2). Previously reported Northern 
blot analyses with the same probé must therefore have 
detected the overall expression of all the Ltp4 genes 
(Molina and García-Olmedo 1993). 
Gene fusions involving the HvLtp4.2 and HvLtp4.3 
promoters and the GUS repórter (Fig. 1A) were transi-
ently expressed following particle bombardment in bar-
ley leaves and activity levéis were similar in both cases, 
and of the same order as those obtained with the barley 
sucrose synthase Ssl and CaMV 35S promoters used as 
positive controls (Fig. 3A). Under the same conditions, 
no significant activity was driven by the endosperm-
specific promoter from barley Itrl gene, which was used 
as a negative control. Activities of the two Ltp gene 
constructions found in different tissues, using the Ubl-
LUC chimeric fusión as internal control, were similar 
to each other and essentially reproduced the expression 
pattern obtained by Northern blot analysis, except that 
Fig. 1 A Schematic representaron of genomic clones containing 
genes HvLtp4.2 and HvLtp4.3 and of fusions of their promoters (P4.2 
and P4.3) to the jS-glucuronidase/nopaline synthase (GUS/NOS) 
repórter gene. Restriction endonuclease sites for BamHl (B) and Salí 
(S) are indicated. B Alignment of the 5' untranslated sequences of 
the two Ltp genes used in the gene fusions. Numbering is from the 
ATG translation initiation site; identities and gaps are indicated by 
asterisks and dashes, respectively. The following motifs have 
been highlighted: G-box, consensus ACGT (Gbox; Guiltinan et al. 
1990; Schindler et al. 1992); H-box, consensus (C/A)A(C/A) 
C(7/A)A(C/A)C(Hbox; Lois et al. 1989; Cramer et al. 1989; Ohl et al. 
1990; Loake et al. 1992; Yu et al. 1993); and AP-1, consensus 
TGACACA (API; Després et al. 1995). The alignment was construc-
ted out using the CLUSTAL W programme (Thompson et al. 1994), 
and the SIGNAL SCAN 4.0 programme (Prestridge 1991) was used 
to search for sequence motifs 
Líp4.2 was more active than Ltp4.3 in endosperm, 
and Ltp4.3 was active in roots, while Ltp4.2 was not 
(Fig. 3B). 
Responses to low temperature 
Experimental conditions were optimized using the Ssl-
GUS gene fusión, as the sucrose synthase Ssl promoter 
had been previously shown to be cold responsive 
(Maraña et al. 1990). It was established that an induction 
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Fig. 2 Southern blot analysis of genomic DNAs (15 ug in each lañe) 
from the indicated barley cultivars digested with the BamHl en-
donuclease, and hybridized with the Ltp4-speciñc probe that recog-
nizes all known Ltp4 genes. Dashed Unes link equivalent bands in two 
sepárate blots. Size standards were fragments of k phage digested 
with endonucleases £coRI and HindlII 
B 
10 
102 -
• Ltp4.2 
EZ!ñLtp4.3 
• Northern 
Controls R 
Fig. 3 A Expression of GUS fusions to Ltp4.2 and Ltp4.3 promoters 
in barley leaves compared with that of GUS fusions to promoters 
Itrl (negative control), Ssl, 35S, 35SI, Ubi (positive controls). Activ-
ity is expressed per bombarded leaf and standard error of the mean 
for triplicate independent bombardments with the same par-
ticle/plasmid suspensión was <15%. B Relative expression of the 
two Ltp GUS fusions in the leaves (L), coleoptile (C), endosperm (E) 
and roots (R). Northern blot signáis were obtained with the Ltp4-
specific probe (Molina and García-Olmedo 1993) and quantitated by 
densitometry (INH Image programme, Bio-Rad); in each tissue, GUS 
activity was assessed with reference to the internal control luciferase 
activity driven by the Ubi promoter, which was added in equimolar 
amounts with respect to the Ltp constructions; in all cases, an 
arbitrary valué of 10 was assigned to activity in the leaf 
could be clearly detected in excised 5-day-old barley 
leaves, after a 24 h period of post-bombardment incu-
bation at 4o C, and that the standard error of the mean 
GUS activity was always <15%, if the same par-
ticle/plasmid mixture was used for the samples com-
Ltp4.2 Ltp4.3 
Fig. 4 Responses of Ltp promoters to low temperature. Two excised 
leaves were jointly bombarded in each case with the indicated 
promoter/GUS fusions and one was incubated at 25° C and the 
other at 4o C for 24 h and enzyme activity was determined. Barley 
cultivars used were Himalaya (H), Bomi (B), and Igri (I). Gene 
fusions using the Ubi and 35SI promoters were used for comparison. 
Experiments were performed three times. Standard errors of the 
mean are represented by bars 
pared and the leaves were obtained from the same lot of 
plants. The two Ltp promoters responded to low tem-
perature in a similar manner in all three barley cultivars 
tested (Fig. 4) and the increase was similar to that 
previously obtained for the SsJ promoter (not shown). 
Under the same experimental conditions, the activity of 
the Ubi promoter was not affected and that of the 35SI 
promoter was drastically reduced (Fig. 4). A similar 
response to that obtained by cold treatment was ob-
served for the two Ltp promoters when barley leaves 
were treated with 10 uM abscisic acid (data not shown). 
Diñerential response to pathogens 
To investigate the effeets of pathogen infection on the 
two Ltp promoters, screening of responses to different 
bacterial and fungal pathogens was carried out with 
5-day-old plants of barley cv. Bomi, using the Ltp4-
specific probe in Northern blot analyses. Two bacterial 
pathogens, Xanthomonas campestris pv. translucens 
and Pseudomonas syringae pv. japónica, which gave 
a compatible interaction with cv. Bomi, were chosen 
because of their ability to elicit a rapid increase and 
a decrease, respectively, of LTP4 mRNA relative to 
basal levéis (Fig. 5A). Excised leaves were inoculated 
and placed on the solid Phytagel-H20 support 
(Fig. 5B). Each set of three leaves was bombarded twice 
through a plástic window that was placed first at an 
apical site that included the inoculated áreas and then 
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Fig. 5 A Responses of Ltp4 genes to the indicated bacterial patho-
gens. Northern blot signáis were obtained with the Z-^-specific 
probé (Molina and García-Olmedo 1993) and quantitated by den-
sitometry (INH Image programme, Bio-Rad). B Responses of pro-
moter fusions Ltp4.2 and Ltp4.3 to the same pathogens. Groups of 
three leaves were inoculated (i) in the apical half leaf (a) and bom-
barded both in the apical and in the basal (b) parts of the leaf, using 
a plástic window in the positions indicated by a discontinuous line. 
The experiment was repeated three times for each permutation (1-3) 
of the treatment. GUS activity was determined after 24 h incubation 
in the Phytagel-H20 support. The control (mock) valué of the apical 
part was taken as 1 in each experiment. Standard errors of the mean 
are indicated by bars 
at a basal site (non-inoculated half-leaves), as illus-
trated in Fig. 5B, and GUS activity was determined 
fluorometrically for each bombarded half-leaf. The two 
Ltp promoters responded in a differential manner to 
the pathogens: whereas the activity of promoter Ltp4.2 
was not affected by the bacterial infections, that of 
promoter Ltp4.3 reproduced the responses detected by 
Northern analysis both in the apical and in the basal 
half of the leaf: an increase in response to infection by 
X. campestris and a decrease in the case of P. syringae 
(Fig. 5B). These results implied that the response of the 
Ltp4.3 promoter to pathogens occurs beyond the infec-
ted zone of the leaf. 
Discussion 
A common characteristic of related genes is that their 
coding regions have diverged less than their non-cod-
ing regions. Genes HvLtp4.2 and HvLtp4.3 represent an 
extreme example, as they encode the same mature pro-
tein while their non-coding regions are quite different. 
However, this divergence does not seem simply to re-
flect less stringent selective constraints affecting these 
parts of the genes but to have positive functional rel-
evance, as it has led to alterations in their expression 
patterns. The above results indicate that both genes 
characterized here are active (not pseudogenes), and 
confirmed the previously reported complexity of the 
Ltp gene family (Molina and García-Olmedo 1993; 
White et al. 1994). Their developmental expression pat-
terns, as judged from the transient expression experi-
ments, were similar - except for minor differences - and 
in general agreement with the overall LTP4 expression 
pattern previously observed by Northern blot analysis 
(Molina and García-Olmedo 1993). 
The excised-leaf procedure that has been developed 
here to study responses to low temperature and to patho-
gen infection in barley, using the well-established particle 
bombardment technique, represents a simplification of 
previous whole-plant approaches and allows the rapid 
investigation of different promoters in múltiple genetic 
backgrounds. Thus, it has been shown that the two Ltp 
promoters, which have been isolated from a spring 
barley, are induced by low temperature both in winter 
(cv. Igri) and in spring (cvs. Bomi and Himalaya) bar-
leys, indicating that the observed response must depend 
on the promoter characteristics, and is not dependent 
on the genetic background of the cultivars used in the 
study or on their spring or winter habit. We have 
previously observed a non-significant cold-induced in-
crease (<20%) in Ltp4 mRNA levéis in cv. Bomi by 
Northern blot analysis, under conditions in which the 
Ssl promoter underwent a 20-fold induction (Molina 
and García-Olmedo 1993), while an induction of Ltp 
genes by low temperature has been reported for cv. Igri 
(Dunn et al. 1991; Hughes et al. 1992; White et al. 1994). 
In view of the current results, the difference can be 
ascribed either to divergence in the Ltp4 
promoters of the two cultivars or to the presence of 
a highly expressed, non-responsive Ltp4 gene in cv. 
Bomi that would mask the induction of other Ltp4 
genes. In contrast, a significant response of Ltp4 genes 
to abscisic acid was detected both in winter and spring 
barley (Hughes et al. 1992; Molina and García-Olmedo 
1993). 
It has previously been shown that expression of Ltp 
genes can be altered, independently from each other 
and from other defense genes, in different plant-patho-
gen interactions (Molina and García-Olmedo 1993, 
1994; García-Olmedo et al. 1995, 1996). We nave 
observed opposite responses in two compatible bac-
terium-plant interactions by Northern blot analysis, which 
detects the overall expression of Ltp4 genes. The ob-
served negative response to P. syringae infection has 
some precedents in the literature, including those of 
several defense genes in bean (Jakobek et al. 1993) and 
the StPthl gene in potato (Moreno et al. 1994), that 
have been interpreted as a mechanism by which some 
pathogens might overeóme constitutive defense bar-
riers. 
The two Ltp promoters analysed here behave differ-
entially with respect to pathogens: responses of pro-
moter Ltp4.3 mimic the overall Ltp4 pattern observed 
by Northern blot analysis, while the activity of pro-
moter Ltp4.2 is not affected by either pathogen. This is 
consistent with the overall divergence of these pro-
moters and, in particular, with the observed differences 
in putative pathogen-response motifs (Fig. IB). The 5' 
untranslated regions of the two Ltp genes each contain 
a copy of an ACGT motif common to several cis-acting 
elements that bind basic leucine zipper proteins, includ-
ing those denominated G-box (Schindler et al. 1992) 
and ABRE (Guiltinan et al. 1990). Perhaps of greater 
relevance is the presence in gene HvLtp4.3 of the patho-
gen-responsive motifs H-box and AP-1 (Fig. IB). The 
first motif is present in promoters of phenylpropanoid 
biosynthetic genes (Cramer et al. 1989; Lois et al. 1989; 
Ohl et al. 1990; Loake et al. 1992; Yu et al. 1993), which 
have been shown to display elicitor-inducible and light-
inducible footprints in vivo (Lois et al. 1989). The 
presence of H-box and G-box motifs in the promoter of 
these genes has been found to be required for elicitor 
induction (Loake et al. 1992). The AP-1 element 
(TGACACA) has been described in the pathogenesis-
related PR-lOa gene from potato (Després et al. 1995), 
where it is involved, together with an E-box 
(CANNTG), in gene activation by an elicitor of 
Phytophthora infestans and interaets with nuclear 
factor PBF-1, which requires phosphorylation for 
activity (Després et al. 1995). Several E-box cores can 
be identified in the HvLtp4.3 promoter (not high-
lighted in Fig. IB). The variation in pathogen-response 
motifs among Ltp promoters is in agreement with 
the previously observed plasticity of defense-gene elici-
tation in plant-pathogen interactions and with the 
combinatorial nature of plant defense responses 
(Molina and García-Olmedo 1994; García-Olmedo et al. 
1995, 1996). 
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